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The development of sustainable and efficient methodologies based on catalysis and organometallic 

chemistry has gained considerable attention. In this regard, palladium-catalyzed carbonylation reaction of 

olefins are now widely recognized as a versatile method for the functionalization of C=C double bond to 

produce a variety of useful homologated carbonyl compounds utilizing carbon monoxide (CO) as an 

inexpensive and readily available C1 unit, which also meets the principles of “atom economy”, “step 

economy”, and “green chemistry”. The great synthetic value of these carbonylation reactions has attracted 

broad interest from both academic and industrial researchers. 

Although considerable contributions have been made in this rapidly developing area, challenges still 

remain for futher investigations. Particularly, asymmetric palladium-catalyzed carbonylations of alkenes have 

undeveloped and still been regarded as the most challenging problem in carbonylation field. Furthermore, the 

intermolecular version of the alkoxycarbonylation of alkenes is quite limited. Development of catalytic 

system with higher efficiency, stereoselectivity, and larger substrate scope is an important issue for these 

transformations.  

On the basic of earlier works in our laboratory, the combination of palladium(II) with copper(I) salt has 

realized to catalyze alkoxycarbonylations and related reactions under normal pressure of carbon monoxide 

and oxygen. The task of the present study was decided to develop novel efficient palladium-catalyzed 

carbonylation reactions in the presence of copper salts. This research consists of two main contents: 

1) Asymmetric Palladium-Catalyzed Intra- and Intermolecular Dicarbonylation of Homoallylic Amine 

Derivatives 

Asymmetric intra- and intermolecular dicarbonylation reaction of homoallylic amine derivatives catalyzed 

by palladium(II) and copper(I) salt under normal pressure of CO and O2 has been achieved by using a chiral 

bioxazoline ligand. A variety of N-substituted homoallylic amine derivatives was applicable to the present 

reaction to give the corresponding optically active γ-lactams up to 68% ee. Thus, this method provides a new 

synthetic entry for the direct construction of optically active γ-lactams, which have biological activity and are 

useful building blocks for nitrogen-containing chemicals.  

2) Palladium-Catalyzed Intermolecular Alkoxy-Alkoxycarbonylation of Vinylphenols in the Presence of 

Copper Salt: Unexpected Cooperative Effect of Tin Salt 

The efficient palladium-catalyzed intermolecular alkoxy-alkoxycarbonylation of vinylphenols in the 

presence of copper and tin salts was developed to afford the corresponding 3-alkoxy-3-arylpropanoic acid 

esters in good to high yields. In this work, an unexpected effect of tin salt was discovered. The presence of a 

tin salt was crucial to realize reproducibly high yields. It is noteworthy that the 3-alkoxy- 

3-(hydroxyphenyl)propanoic acid esters obtained by the present alkoxy-alkoxycarbonylation could be 

versatile synthetic intermediates via further transformation to useful chemicals and bioactive agents. 

To conclude, novel and efficient palladium-catalyzed carbonylation reactions have successfully developed. 

The combination of palladium(II) and copper(I) salt calatyzed these reactions under mild conditions. Notably, 

the methods developed from this research could find great interest in the synthesis of highly functionalized 

molecules and especially in the synthesis of biologically active compounds. 


